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Regional adaptivity jointing of the quantitative susceptibility 
mapping sparse reconstruction based on structural features 
Minghan Li 
ABSTRACT 
The phase image of magnetic resonance imaging (MRI) contains lots of tissue 
susceptibility variation information, while obtaining the phase image does not require 
additional scan time. Quantitative susceptibility mapping(QSM) has become a hot 
issue in scientific and clinical research，this technique can make the quantitative 
analysis of the paramagnetic in organization, and it can provide more image 
information than conventional MRI method, which is conducive to diagnosis of the 
cerebrovascular and nervous system diseases. The paramagnetic of the tissue can 
affect the differences of the tissue susceptibility and introduce about local 
inhomogeneous magnetic field consequently. However, the reconstruction of magnetic 
susceptibility distribution from local phase information is an ill-posed inverse 
problem. There are still many problems to be solved. Therefore, a more accurate 
reconstruction of the magnetic quantitative susceptibility distribution technology 
helps this techonlogy to get a wider range of applications. The main work of this 
thesis is listed as follows. 
1. The principles of quantitative susceptibility mapping method were briefly 
introduced firstly, then a comprehensive review was made about background field and 
mathematical quantitative susceptibility distribution inversion reconstruction method 
contained in the process of quantitative susceptibility reconstruction. We also 
introduced the quantitative susceptibility imaging applications in clinical medicine. 
2. We introduced several mainstream susceptibility inversion reconstruction 
methods, and the results of those different methods were compared. Then we gave a 
detailed description to the quantitative susceptibility mapping method based on prior 
information. Insired of this method, we proposed a new quantitative susceptibility 
















3.To solve the ill-conditioned inverse problem in quantitative susceptibility 
mapping reconstruction, this paper presents a new mathematics model of the regional 
adaptive quantitative susceptibility mapping sparse reconstruction based on structural 
features method. The simulation experimental and human brain experimental results 
show that this method can effectively obtain high quality images of quantitative 
susceptibility and improve the reconstruction accuracy of the structure information in 
the magnetic susceptibility distribution. 
 





















（Nuclear Magnetic Resonance，NMR)。NMR 获得核自旋产生信号的方法是将样
品置于强度较高的静磁场下，这样核自旋自身的磁场将重新排列，并且大多数核
自旋将处于低能态。当施加射频场来干涉低能态的核自旋使之转向高能态时，核




































整个 SE 序列的脉冲时序如图 1.1 所示。磁场梯度 Gss 是层面选择梯度，施加 Gss
后，重建图像还需要相位编码和频率编码，它们分别用来储存成像断层空间 x、
y 方向的位置信息。然后施加 90°射频脉冲和 z 轴方向梯度场，被成像物体在
xy 平面上发生共振，这时在 y 轴上施加相位编码梯度 Gpe，随后在 x 方向上施
加频率编码梯度 Gro，这样就完成了相位编码和频率编码过程。相位编码和频率
编码的本质相同，都是通过在均匀磁场上叠加线性梯度场来实现。在 Gro 梯度场
施加期间采集 MRI 信号即可获得重建图像的 MRI 信号。图 1.1 中，TE 成为回波
延迟时间，表示 90°射频脉冲与回波信号间的时间间隔；TR 称为重复时间，长
度为施加 2 个 90°脉冲时间间隔。 
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